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Description 

1 . Field of the Invention 

The present invention relates to an improved proc- s 
ess for preparing unsaturated carboxylic acid esters and 
a novel apparatus for preparing the same. More partic- 
ularly, the present invention relates to a process for 
esterif ication of an (aliphatic) alcohol having 1 to 8 car- 
bon atoms and an unsaturated carboxylic add by 10 
means of a cation exchange resin catalyst to prepare a 
corresponding unsaturated carboxylic acid ester, which 
provides a high yield of the desired ester product, inhib- 
its the production of polymer by-products at the maxi- 
mum level, maintains the conversion of the reactants at is 
a constant rate regardless of the activity of catalyst and 
extends the life of catalyst. 

2. Background art 

20 

In the prior art, numerous methods have been uti- 
lized for esterrf ication of said alcohol and unsaturated 
carboxylic acid to prepare a corresponding unsaturated 
carboxylic acid ester. However, those methods have 
some disadvantages in that a rate of conversion into ah 25 
ester is low due to a low reaction rate and a relatively 
low equilibrium constant, and further the yield of ester 
products is low because etherif ication of alcohol and/or 
polymerization of (meth)acrylic acid may occur as a 
side reaction during esterif ication reaction. 30 

A commercial method for preparing unsaturated 
carboxylic acid esters which is currently used in indus- 
trial scale is a method wherein a glass-lined batch reac- 
tor is used, an acid catalyst such as sulfuric acid or p- 
toluenesulfonic acid is used to increase the reaction 35 
rate and water produced during the reaction is continu- 
ously removed to induce the forward reaction. However, 
this method has some disadvantages in an economical 
view and an amount of waste water since the reactor is 
very expensive and the catalyst used in this reaction - 40 
should be neutralized with a base such as NaOH. 

Recently, some attempts have been made to pro- 
vide a continuous process having an improved econom- 
ics by using a strong cation exchange resin, which is 
formed by binding a sulfonic acid group (S0 3 H) to a 45 
copolymer of polystyrene and DVB (divinyl benzene), as 
a catalyst for preparing said unsaturated carboxylic acid 
esters. '■ ,. 

Particularly, Japanese Laid-open Patent Publication 
No. (sho) 49-54,326 discloses a reactor in the form of a so 
fluidized bed, wherein the catalyst is suspended in the 
reactant by blowing a large amount of inert gas into the 
bottom of the reactor. However, this type of reactor has : ; : 
numerous disadvantages in that the vaccum condition 
cannot be easily maintained when the pressure within ss 
the reactor is reduced for extracting water produced 
during the reaction, and further the use of a large 
amount of gas has no economical merit. 


. In addition, Japanese Laid-open Patent Publication 
No. (sho) 63-17.844 discloses the use of a reactor in the 
form of a CSTR (continuous stirred tank reactor) for said 
esterif ication reaction . However,, although this CSTR 
type of the reactor is useful in view of; transfer of the 
reactants in the reactor and suspension of the catalyst, 
it has some disadvantages in that due to a weak 
mechanical strength of the cation exchange resin cata- 
lyst the catalyst can be readily broken and therefore the 
catalytic activity is lowered. 

Further, Japanese Patent Publication No. (sho) 62- 
39,150 discloses a fixed bed-type reactor having an 
outer jacket, which can increase the reaction yield by 
vaporizing and extracting water produced during the 
reaction. However, the method using such type of reac- 
tor has also some disadvantages in that the catalyst 
present near the reactor wall can be deactivated with 
heat, the high temperature of the reactor wall dramati- 
cally enhances the polymerization reaction to produce a 
polymer of (meth)acrylic acid and its ester and further it 
is difficult to extract water produced during the reaction. 

the present inventors have extensively studied to 
improve the disadvantages involved in the prior meth- 
ods and reactors and found that in preparing unsatu- 
rated carboxylic acid esters by esterifying ah (aliphatic) 
alcohol having 1 to 8 carbon atoms with an unsaturated 
carboxylic add in the presence of a cation exchange 
resin catalyst, a method wherein water produced during 
the reaction can be continuously extracted to induce the 
forward reaction, the chances and times to contact the 
reactants with the cation exchange resin catalyst are 
increased and the area in which the catalyst is present 
is not directly heated, can be used to obtain a high yield 
of the desired product, a maximum inhibition of polymer 
production, a uniform conversion rate regardless of cat- 
alyst activity and a maximum extension of a life of the 
catalyst. Thus, we have completed the present inven- 
tion. 

Accordingly, it is an object of the present invention 
to provide an improved process for preparing unsatu- 
rated carboxylic acid esters from an (aliphatic) alcohol ! 
having 1 to 8 carbon atoms and an unsaturated carbox- 
ylic acid. 

It is a further object of the present invention to pro- 
vide a process for: continuously preparing unsaturated 
carboxylic acid esters by esterifying an (aliphatic) alco- 
hol having 1 to 8 carbon atoms with an unsaturated car- 
boxylic acid in the presence of a cation exchange resin 
catalyst, characterized in that the process is conducted 
by continuously tirculating said reactants in contact with 
the catalyst from the top to the bottom through a reactor 
which is composed in the fprm of a fixed bed divided 
into 1 to 10 steps wherein each step is composed of a 
catalyst bed, a filter and a air inlet, and has a thermal 
insulating outer wall, supplying a vaporizing heat for 
extraction of water, which is produced during the reac- 
tion, through a heat exchanger outside the reactor, cir- 
culating the reactants between the reactor and the heat 
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exchanger by means of a circulating pump, contacting 
an azeotropic composition of water vaporized by the 
heat exchanger and an alcohol with an alcohol circulat- 
ing in a column tower or a raw alcohol supplied from an 
alcohol inlet located on the top of a column tower to 5 
recycle the high boiling component info the reactor and 
at the-sametime to transfer the light component to the. 
upper part of the column in which the light component is 
condensed, separating the condensate into! an organic 
layer and water in a decanter, and then recycling the. w 
organic layer into the reactor and removing the water 
produced during the reaction. 

Further, it is another object of the present invention 
to provide a novel apparatus suitably designed for carry- 
ing out the process of the present invention as defined 15 
above. 

The foregoing has outlined some of the more perti- 
nent objects of the present invention. These objects 
should be construed to be merely illustrative of some of 
the more pertinent features and applications of the 20 
invention. Many other beneficial results can be obtained 
by applying the disclosed invention in a different manner 
or modifying the invention within the scope of the disclo- 
sure. Accordingly, other objects and a more thorough 
understanding of the invention may be had by referring 25 
to the disclosure of invention and the drawing,, in addi- 
tion to the scope of the invention defined by the claims. 

BRIEF DESCRIPTION OF THE DRAWING 

30 

For a thorough understanding of the nature and 
objects of. the invention, reference should be had to the 
following detailed description taken in connection with 
the accompanying drawing in which: 

Figure 1 is a schematic diagram of a reactor as the 35 
main part for carrying out the process according to the 
present invention, in which numerical symbols desig- 
nate the following: 1 ,4,5,6,9. 1 1 1 12,13,14, 16,1 9.20,21 : 
pipes, 2: catalyst bed, 3: filter, 7: pump, 8: circulating 
pump, 1 0 :heat exchanger, 1 5: packed column, 1 7: con- 40 
denser, 1 8: decanter, 22: reactor, 23: alcohol inlet. 

DISCLOSURE OF INVENTION 

In one aspect, the present invention relates to an 45 
improved process for preparing unsaturated carboxylic 
acid esters from an (aliphatic) alcohol having 1 to 8 car- 
bon atoms and an unsaturated carboxylic acid. 

Specifically, the present invention provide a process 
for continuously preparing unsaturated carboxylic acid so 
esters by esterifying an (aliphatic) alcohol having 1 to 8 
carbon atoms with an unsaturated carboxylic acid in the 
presence of a cation exchange resin catalyst, character- 
ized in that the process is conducted by continuously 
circulating said reactants in contact with the catalyst ss 
from the top to the bottom through a reactor which is 
composed in the form of a fixed bed divided into 1 to 10 
steps wherein each step is composed of a catalyst bed, 


a filter and a air inlet, and has a thermal insulating outer 
wall, supplying a vaporizing heat for extraction of water, 
which is produced during the reaction, through a heat 
exchanger outside the reactor, circulating the reactants 
between the reactor and the heat exchanger by means 
of a circulating pump, contacting an azeotropic compo- 

. sition of water vaporized by the heat exchanger and an - 
alcohol with an alcohol circulating in a column tower or 
a raw alcohol supplied from an alcohol inlet located on 
the top of a column tower to recycle the high boiling 

' cx)mponent' into the reactor and at the same time to 
transfer the light component to the upper part of the col- 
umn in which the light component is condensed, sepa- 
rating the condensate Into an organic layer and water in 
a decanter, and then recycling the organic layer into the 
reactor and removing the water produced during the 
reaction. 

In another aspect, the present invention relates to a 
novel apparatus suitable for conducting the above proc- 
ess according to the present invention. 

The present invention can be practiced using the 
above-mentioned process and a reactor system espe- 
cially designed for the present invention and will be 
more specifically explained by referring to the drawing 
attached hereto. 

The raw material comprising (aliphatic) alcohol and 
unsaturated carboxylic acid is introduced into the reac- 
tor through a pipe (1) and mixed with a high boiling reac- 
tant. which is introduced through a packed column (15) 
and a heat exchanger (10), at the upper part of the reac- 
tor. The mixture is allowed to react while running down 
a catalyst bed from up to down. 

The reactor is in the form of a fixed bed divided into 
1 to 10 steps, which comprises a catalyst bed (2) and a 
filter (3). An outer wall of the reactor is insulated from 
the heat so that it can maintain only the reaction temper- 
ature/ The vaporizing heat for extraction of water pro- 
duced during the reaction is supplied from a heat 
exchanger (10) outside the reactor. 

To supply a calorie to the heat exchanger a steam 
or a heated solvent is supplied through a pipe (11). The 
total system is maintained under reduced pressure and 
the reaction temperature is kept at a bubbling point of 
the reactant. 

When a phenolic polymerization inhibitor is used for 
inhibition of the polymer production, a small amount of 
air can also be supplied through pipes (4) and (9) for 
inhibition of polymerization. The reactants are circu- 
lated at a high flow rate between the reactor and the 
heat exchanger to conduct the continuous reaction and 
at the same time water produced during the reaction is 
continuously extracted by means of a heat exchanger 
(10): According to this procedure the desired unsatu- 
rated carboxylic acid ester is obtained at a high conver- 
sion rate. In this procedure, the conversion rate can be 
adjusted to some extent according to the flow rate of the 
reactant discharged from a circulating pump (8). Specif- 
ically, when the reactant is circulated in a great quantity, 
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the reaction of the reactants in contact with the catalyst 
bed and the extraction of water produced during the 
reaction by the heat exchanger increase, and therefore, 
the conversion rate also increases. Such feature con- 
tributes to stably operate the procedure for purifying the 
product since this composition of the product after the 
reactants are passed through the reactor is uniformly 
maintained to some extent, regardless of the activity of 
catalyst. . • 

The reactants are supplied to a circulating piump (8) 
through a pipe (5) to obtain the desired product through 
a pipe (6). 

The catalyst is continuously separated from the 
reactants by means of a filter (3). The azeotropic com- 
position of water vaporized by a heat exchanger (10) 
and alcohol is introduced into a column (15) together 
with some vaporized acid through a pipe (13) and then 
contacted with an alcohol circulating in the column 
tower. The resulting high boiling components such as 
acid are recycled into the reactor and the light compor 
nents are transferred to the upper part of the column 
and then condensed in a condenser (17). The conden- 
sate is separated into an organic layer and an aqueous 
layer in a decanter (18). Then the organic layer is recy- 
cled into the column through a pipe (19) and the water 
produced during the reaction is removed through a pipe 
(20). 

When the raw alcohol is supplied through an alco- 
hol inlet (23) located on the top of a column tower (15), 
the raw alcohol absorbs (meth)acrylic acid present in 
the"column (15) and therefore the residue at the tower 
top does substantially not contain (meth)acrylic acid . 
Accordingly, the aqueous layer obtained from the con- 
densation and separation does substantially not contain 
(meth)acrylic acid and therefore, can be discharged 
without any special treatment. In addition, since 
(meth)acryiic acid is captured by alcohol component 
and then returned back to the column (15), any loss of 
(meth)acrylic acid does not occur. 

The recycled alcohol and acid are introduced into 
the reactor through a pipe (14) and then participate 
again in the reaction. The amounts of the circulated raw 
materials and the product can be controlled by a control 
valve (7). Preferably, the circulated amount and the pro- 
duced amount can be adjusted at the ratio of at least 
10:1. ■ 

After the reactants pass through a. heat exchanger 
(10), the azeotropic composition of low boiling water 
and alcohols or esters is vaporized and the remaining 
high boiling components are recycled into the reactor 
through a pipe (21). ; 

A catalyst which can be used for this process is a 
strong cation exchange resin having an ionic exchange 
capacity of 1.2-2.05 meq/ml, for example, Diaion PK- 
228 (Mitsubishi Chemical Industries, Ltd.), XH-2071 
(Rohm & Hass), Dowex monpsphere 650 CH (Dow 
Chemical Co.). etc. 

Although it has been known that the molar ratio of 


unsaturated carboxylic acid and alcohol is generally in 
the range of 1:0.5 to 1:2, the preferred molar ratio is 
near to 1:1 since an excessive amount of alcohol 
increases the conversion rate but requires a great 

s energy for separation of alcohol during the purification 
procedure l and an excessive amount of acid causes 
some problems related with its separation and the cor- 
rosion of the apparatus, (n the present invention, the 
most preferred molar ratio of unsaturated carboxylic 

10 acid and alcohol is 1 :0.8-1 :T.3. 

In the present invention, unsaturated carboxylic 
acids which can be used include acrylic acid, meth- 
acryNc acid, etc. The reaction temperature is preferably 
about 70 to 100°C, since too low temperature causes 

is the low reaction rate whereas the high reaction temper- 
ature increases the by-product formation and the cata- 
lyst thermolysis. It is preferable to reduce the reaction 
pressure to 50 to 400 torr for convenient extraction of 
water produced during the reaction by the heat 

20 exchanger even under the reaction temperature. In 
order to prevent the formation of polymers during the 
reaction a phenolic polymerization inhibitor can be pref- 
erably used in an amount of about 100 to 500 ppm 
together with air. 

25 The azeotropic composition of vaporized water and 
alcohols are contacted with a: raw alcohol component 
supplied from the alcohol inlet located on the top of the 
column tower and then (meth)acrylic acid which is dis- 
charged together with water produced during the reac- 

30 tion is separated from the produced water and 
recovered. For recovery of the raw material, especially 
(meth)acrylic acid with the raw alcohol, an amount of 
the raw alcohol used for contact with the azeotropic 
: composition is preferably 10 wt% or more, particularly 

35 30 to 80 wt%, with respect to the alcohol supplied for the 
esterrfication reaction. When the amount of alcohol is 
lower than the above defined amount, it is difficult to 
recover (methjacrylic acid. 

The present invention will be more specifically 

40 explained by the following examples. However, it should 
be understood that the present invention is not limited to 
these examples in any manner and the unit m, KL, Atm, 
etc, used in the examples can be also converted into 
any other unit which is more generally used for commer- 

45 cial purpose. 

EXAMPLE 1 

A 3.5L reactor made of glass was used in this 
so example. In addition, a shell and a tube-type heat 
exchanger which are made of glass were attached to 
the reactor to which a removable glass filter was pro- 
vided; A small magnetic pump was used as a circulating 
pump and the amount of the circulating reactants was 
55 adjusted by means of a flow controller. 

First, butanpl and acrylic acid were mixed in the 
molar ratio of about. 1 :1 to obtain the reactant having a 
fixed composition. To the reactant was added hydroqui- 
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none as a polymerization inhibitor in an amount of 
0.05% based on the weight of acrylic acid and then the 
mixed reactant was stored in a reservibr. 2.8L (based oh 
the dried catalyst) of a catalyst such as Diaion PK-228, 
XH-2071 or Dowex monosphere 650CH which was pre- 
viously dried at the ambient temperature of about 70°C 
in aacven was packed in the reactor. . 

Some of the reactant was introduced into the reac- 
tor and then circulated for 2.5 hours without discharge 
of the reaction product. Then, after increasing the.ambi- 
ent temperature to about 75°C, the reactant was contin- 
uously introduced into the reactor at the flow rate of 
about 1 L/hr. together with a samll amount of air. 

The pressure was maintained at about 150 torr 
from the beginning of the reaction. The water produced 
during the reaction was continuously vaporized by 
means of a heat exchanger and extracted through a dis- 
tillation tower. 

The flow rate of the circulated reactant was 
adjusted to about 25Uhr. 

After continuously operating the above procedure 
for 24 hours, the reaction product having the composi- 
tion comprising about 0.26% of water, about 23.995% of 
butanol, about 63.942% of butylacrylate, about 10.55% 
of acrylic acid, about 1.18% of dibutyl ether, about 
0.068% of dimeric acid and, about 0.005% of dimeric 
acid ester was obtained. Thus, in this reaction the con- 
version rate based on acrylic acid was about 77.43% 
and the selectivity based on acrylic acid was about 99^3 
mol%. 

EXAMPLE 2 

In this example, the same reactor as in Example 1 
was used. 

920ml of Amberlyst 39C catalyst which was dried 
for 24 hours or more in an oven at 70°C was packed in 
the reactor. To the raw material consisting of 30.70% of 
acrylic acid, 56.67% of 2-ethyl-hexanol, 12.15% of 2- 
ethyl-hexylacrylate and 0.48% of water was added the 
same amount of hydroquinone as Example 1 and the 
mixture was introduced at once into the reactor having a 
suitable size and circulated while increasing the temper- 
ature to 80°C. Then, the reaction was conducted for 1 
hour and 40 minutes under the fixed pressure of 
77mmHg while discharging water through the distillation 
tower and then the raw material and small amount of air 
were continuously introduced into the reaction system. 
The general inflow rate of the raw material was 
687.84g/hr. 30% of 2-ethyl-hexanol of the raw material 
to be introduced into the reaction system was intro- 
duced from the upper part of the distillation tower for 
water separation. The liquid level in the reactor was uni- 
formly maintained such that the residual time should 
become 100 minutes and the flow rate of the circulated 
reactant was fixed at the level of 10 L/hr. 

After continuously operating the above procedure 
for 24 hours, the reaction product having the composi- 


tion comprising 13.49% of acrylic acid, 25.62% of 2- 
ethyl-hexanol, 60.16% of 2-ethyl-hexylacrylate, 0.52% 
of water, 0.05% of dimeric acid, 0.15% 2-ethyl-hexyl 
ester of dimeric acid and 0.01% of 2-ethyl-hexyl propi- 
5 onate was obtained; Thus, in this reaction the conver- 
sion rate based on acrylic acid was about 57.59% and 
the selectivity, based on acrylic acid was about 99.57 
mol%. 

In addition, the outflow rate of acrylic acid from the 
10 upper part of the distillation tower was too little to ana- 
lyze. 

EXAMPLE 3 

is. In this example, the same reactor as in Example 1 
was used. 

920ml of Amberlyst 39C catalyst which was dried 
for 24 hours or more in an oven at 70°C was packed in 
the reactor. To the raw material consisting of 34.52% of 

20 acrylic acid and 65.48% of 2-ethyl-hexanol was added 
• the same amount of hydroquinone as Example 1 and 
the mixture was introduced at once into the reactor hav- 
ing a suitable size and circulated while increasing the 
temperature to 80°C. Then, the reaction was conducted 

25 for 1 hour and 40 minutes under the fixed pressure of 
77mmHg while discharging water through the distillation 
tower and then the raw material and small amount of air 
were continuously introduced into the reaction system. 
The general inflow rate of the raw material was 

30 698.46g/hr. 30% of 2-ethyl-hexanol of the raw material 
to be introduced into the reaction system was intro- 
duced from the upper part of the distillation tower for 
water separation, the liquid level in the reactor was uni- 
formly maintained such that the residual time should 

35 : become 100 minutes and the flow rate of the circulated 
reactant was fixed at the level of 10 L/hr. 

After continuously operating the above procedure 
for 24 hours, the reaction product having the composi- 
tion comprising 12.63% of acrylic acid, 25.96% of 2- 

40 ethyl-hexanol, 60 65% of 2-ethyl-hexyl acrylate, 0.50% 
of water, 0.08% of dimeric acid, 0.16% 2-ethyl-hexyl 
ester, of dimeric acid and 0.02% of 2-ethyl-hexyl propi- 
onate was obtained. Thus, in this reaction the conver- 
sion rate based on acrylic acid was about 65% and the 

45 selectivity based on acrylic acid was about 99.52 mol%. 
In addition, the outflow rate of acrylic acid from the 
upper part of the distillation tower was too little to ana- 
lyze as in Example 2. 

Although this invention has been described in its 

so preferred form with a certain degree of particularity, it is 
appreciated by those skilled in the art that the present 
disclosure of the preferred form has been made only by 
way of examples and that numerous changes in the 
details of the construction, combination and arrange- 

55 ment of parts may be resorted to without departing from 
the spirit and scope of the invention. 
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Claims 

1. A process for continuously preparing unsaturated 
carboxylic acid esters by esterifying an (aliphatic) 
alcohol having 1 to 8 carbon atoms with an unsatu- 1 
rated carboxylic acid in the presence of a cation 
exchange resin catalyst, characterized in that the* 
process is conducted by continuously circulating 
said reactants in contact with said catalyst from the 
top to the bottom through a reactor which; is com- 
posed in the form of a fixed bed divided into 1 to 1 6 
steps wherein each step comprises a catalyst bed, 
a filter and an air inlet, and has a thermal insulating 
outer wall, supplying a vaporizing heat for extrac- 
tion of water, which is produced during the reaction, 
through a heat exchanger outside the reactor, circu- 
lating the reactants between the reactor and the 
heat exchanger by means of a circulating pump, 
contacting an azeotropic composition of water 
vaporized by the heat exchanger and an alcohol 
with an alcohol circulating in a column tower or a 
raw alcohol supplied from an alcohol inlet located 
on the top bithe column tower to recycle the high 
boiling component into the reactor and, at the same 
time, to transfer the light component .to the upper 
part of the column in which the light component is 
condensed, separating the condensate into an 
organic layer and water in a decanter, and then 
recycling the organic layer into the reactor and 
removing the water produced during the reaction. 

2. The process according to claim 1, characterized in 
that the unsaturated carboxylic acid is acrylic acid 
or methacrylic acid. . 

3. The process according to daim 1 , characterized in 
that the molar ratio of unsaturated carboxylic acid 
and alcohol is 1:0.8 to 1:V3. 

4. The process according to daim 1, characterized in 
that the reaction temperature is 70 to. 1 00°C. . 

5. The process according to daim 1, characterized in 
that the reaction pressure is 50 to 400 torn 

6. the process according to daim 1, characterized in 
that the polymerization inhibitor is a phenolic inhib- 
itor and is used in an amount of 1 00 to 500 ppm. 

7. The process according to daim 1 , characterized in 
that the amount of alcohol for cirdulating in the col- 
umn tower is at least 1 0 wt% of the amount of alco- 
hol supplied for estertfication reaction. : 

8. An apparatus for continuously preparing unsatu- 
rated carboxylic add esters by esterifying an 
(aliphatic) alcohol having 1 to 8 carbon atoms with 
an unsaturated carboxylic acid in the presence of a 


cation exchange resin catalyst, which apparatus 
comprises: 

a reactor (22) tor continuously circulating the 
s reactants from the top of the bottom of said 

reactor so as to contact said; catalyst; being 
composed in the form of a fixed bed divided 
into 1 to 10 steps wherein each step comprises 
a catalyst bed (2), a filter (3) and an air inlet 
10 pipe (4), and has a thermal insulating outer 

wall; ,'. ■ 

a heat exchanger (10) having an upper part 
connected to ah upper part of said reactor by a 

15 pipe (21)/ for supplying a vaporizing heat to 

said reactor (22) for extraction of water pro- 
duced during the reaction, subjecting the reac- 
tant to be fed to the inlet of the heat exchanger 
(10) by a circulating pump (8), and introducing 

20 the vaporizing heat produced by said heat 

exchanger from its outlet to the top of said 
reactor (22) through said pipe (21); 

a column tower (15) having pipes (13) and (14) 
25 connecting an upper part of said reactor (22) 

. and bottom of said column tower (15), for circu- 
lating alcohol; wherein an azeotropic mixture of 
a water vaporized by the heat exchanger and 
alcohol and some vaporized acid are brought 
30 into contact with the alcohol, the high boiling 

component is recycled into the reactor through: 
pipe (14) , and the light components are trans- 
ferred to the attached condenser (17) to be 
condensed; said condenser being connected 
35 to said column tower (15) with pipe (16); and 

a decanter (1 8) connecting with the condenser 
(17) attached to said column tower (1 5) by pipe 
(19), which separates the condensate into an 
40 organic layer and water, and subject the 

organic layer to recyde into the reactor (22) 
through pipe (19), said column tower (15) and 
said pipe (14). 

45 PatentansprQche 

1. Verfahren zum kontinuierlichen Herstellen von 
ungesattigten Carbonsaureestern durch Verestern 
eines (aliphatischen) Alkohofs mit 1 bis 8 Kohlen- 

so stoffatbmen mit einer ungesattigten Carbonsdure in 
Gegenwart eines Katiorienaustauscherharzkataly- 
sators, dadurch gekennzeichnet, daB das Verfah- 
ren durchgefQhrt wird durch kontinuierliches 
Zirkulieren der Reaktarrten in Kontakt mit dem 

55 Katalysator durch eihen Reaktor von der Spitze 
zum Boden, welcher aufgebaut ist in der Form 
eines Festbettes, welches in 1 bis 10 Stufen unter- 
teitt ist, wobei jede iStufe ein Kataiysatorbett, einen 
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Filter und einen LufteinlaB umfa6t, und eine war- 
meisolierende AuBenwand besitzt, ZufOhren einer 
Verdampfungswarme zur Extraktidn von Wasser, 
welches wahrend der Reaktion gebildet wird, durch 
einen WarmetauscherauBerhalbdes Reaktors ( Zir- 5 
kuiieren der Reaktanten zwischen dem Reaktor 
und den * Warmetauscher mittels einer Umlauf- * 
pumpe, Kbntaktieren einer azeotropen Zusammen- 
setzung aus durch den Warmetauscher 
verdampftem Wasser und einem Alkphol mil einem to 
in einem Kolbnnenturm zirkuiiereriden Alkphol Oder 
einem Rohalkohol, welcher von einem Alkbholein- 
laB, der sich an der Spitze des Kolonnenturms 
befihdet, zugefuhrt wird, urn die hochsiedende 
Komponente in den Reaktor ruckzufuhren und urn ; 15 
gleichzertig die leichte Komponente zum oberen 
Teil der Kolonne zu uberfuhren, in welcher die 
leichte Komponente kondensiert wird, Trennen des 
Kondensats in einem Dekanter in eine organische 
Schicht und Wasser und dann Ruckfuhren der 20 
organischeri Schicht in den Reaktor und Errtfernen 
des wahrend der Reaktion gebildeten Wassers. 

2. Verfahren nach Anspruch 1, dadurch gekenn- / 
zeichnet, daB die ungesattigte Carbonsaure Acryl- 25 
saure oder Methacrylsaure ist. 

3. Verfahren nach Anspruch 1 , dadurch . gekenn- 
zeichnet, daB das Molverhaitnis vpn ungesattigter 
Carbonsaure und Alkohol 1:0.8 bis 1:1,3 betragt. so 

4. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Reaktionstemperatur 70 bis 
100°C betragt. 

35 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
: zeichnet, daB der Reaktionsdruck 50 bis 400 tdrr 

betragt. 

6. Verfahren nach Anspruch 1, dadurch gekenn- 40 
zeichnet, daB der Polymerisationsinhibrtor eih phe- 
nolischer Inhibitor ist und in einer Menge von 100 

bis 500 ppm verwendet wird. 

7. Verfahren nach Anspruch 1, dadurch gekenn- as 
. zeichnet, daB die Menge an Alkohol zum Zirkulie- 

ren im Kplonnenturm mindestens 10 <3ew.-% der 
Menge an Alkohol ist, die f Or die Veresterungsreak- 
tion zugefuhrt wird. 

8. Vorrichtung zum kontinuierlichen Herstellen von 
ungesattigten Carbonsaureestern durch Veresterh : 
eines (aliphatischen) Altohols mit 1 bis 8 Kbhlen- 
stoffatomen mit einer ungesattigten Carbonsaure in 
Gegenwart eines Katibnenaustauscherharzkataly- ss 
satdrs, welche Vorrichtung folgendes umfaBt: 

einen Reaktor (22) zum kontinuierlichen Zirku- 
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lieren der Reaktanten von der Spitze zum 
Boden des Reaktors, urn so den Katalysator zu 
kohtaktieren, welcher in der Form eines Fest- 
bettes airfgebaut ist, das in 1 bis 10 Stufen 
unterteilt ist, wobei jede Stufe ein Katalysator- 
bett (2), einen Filter (3) und ein LufteinlaBrohr 
(4) umfaBt, und eine war meisolierende AuBen- 
wand besitzt; 

einen Warmetauscher (10) mit einem oberen 
Abschnitt, der mittels eines Rohres (21) mit 
einem oberen Abschnitt des Reaktors verbun- 
den ist, urn dem Reaktor (22) zur Extraktion 
von wahrend der Reaktibn gebildetem Wasser 
eine Verdampfungswarme zuzuf uhren, wbbei 
derReaktartt dem EinlaBdes Warmetauschers 
(10) mittels einer Umlaufpumpe (8) zugefQhrt 
wird, und wobei die durch deh Warmetauscher 
erzeugte Verdampfungswarme von dessen 
AuslaB durch das Rohr (21) in den oberen 
: Abschnitt des Reaktors (22) eingeleitet wird; 

eiheh Kplonnenturm (15) mit Rbhreh (13) und 

(1 4) , welche einen oberen Abschnitt des Reak- 
tors (22) und den Bodea des Kolonnenturms 

(15) verbinden, urn Alkohol zu zirkulieren, 
wobei eine azeotrope Mischung aus; einem 
durch den Warmetauscher verdampften Was- 
ser und Alkohol und etwas an verdampfter 
Saure in Kontakt mit dem Alkohol gebracht 
werden, wobei die hochsiedende Komponente. 
durch das Rohr (1 4) in den Reaktor ruckgefuhrt 
wird; und die leichten Komponenten zum Kon- 
densieren zu dem anhangenden Kondensator 
(1 7) uberfuhrt werden; wobei der Kondensator 
mit dem Rohr (16) mit dem Kolonhenturm (15) 
verbunden ist; und 

eiheh mit dem Kondensator (17) verbundenen 
Dekanter (18), welcher durch Rohr (19) mit 
dem Kolonnenturm (1 5) verbunden ist, welcher 

• das Kondensat in eine organische Schicht und 

• ' Wasser trennt und die organische Schicht 
durch Rohr (19), den Kolbnnenturm (15) und 
Rohr (14) in den Reaktor (22) rOckfuhrt. V 

Revendications 

1 . Prbc6d6 pour preparer en continu des esters d'aci- 
des carboxyiiques insatur£s en est6rifiant un alcool 
(aliphatique) ayaht 1 k 8 atomes de carbone avec 
un acide carboxylique ihsature en presence d'une 
r6sine echangeuse de cations comme catalyseur, 
caract6rise eh ce que le proc6de est effectue en fai- 
saht circular en continu ces reactrfs au contact de 
ce catalyseur, de haut en bas, a travers un r£acteur 
qui rev§t la forme d'un lit fixe divise en un a dix sta- 
ges, dans lequel chacun des etages comprend un 
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lit de catatyseur, un fiitre et un orifice d'admission 
d'air, et a une paroi externe therrriiquement iso- 
lante, en fournissant de la chaleur de vaporisation 
pour /extraction de I'eau qui est produite au cours 
de la reaction, atravers un echangeur de chaleur a 5 
I'exterieur du reacteur, en faisaht circuler les reac- 
tife errtre le reacteur et Techangeur de chaleur au 
moyen d'une pompe de circulation, en mettant en 
contact une composition azeotropique d'eau vapo- 
risee par I'echahgeur de chaleur et un aicool ayec w 
uri alcool circulaht dans une tour colonne bu un 
alcool brut envoyeY par un orifice d'entree d'alcool 
situ§ au sommet de la tour colonne pour recycler le 
constituant de point d'ebullition eleve dans le reac- 
teur et, en meme temps, pour faire passer le cons- 15 
trtuant I6ger a la partie superieure de la colonne 
dans laquelle le constituant leger est condense, en 
separantle condensat en une couche organique et 
de I'eau dans un decanteur, puis en recyclant la 
couche organique dans le reacteur et en eliminant 20 
I'eau forrriee au cours de la reaction. 

2. Procede. .selon la revendication 1 , caracterise en ce 
que i'acide carboxylique insature est I'acide acryji- 
que ou I'acide methacrylique. 25 

3. Procede selon la revendication 1 , caracterise en ce 
que le rapport molaire de I'acide carboxylique insa- 
ture et de I'alcool est de 1 :0,8 a 1 :1 ,3. 

30 

4. Procecie selon la revendication 1, caracterise en ce 
que la temperature de reaction est de 70 a 100 °C. 

5. Procecle selon la revendication 1 , caracterise en ce 
que la pression de reaction est d'environ 50 a 400 : 35 
torrs. 

6. Procecie selon la revendication 1 , caracterise en ce 
que I'inhibiteur de : polymerisation est un inhibiteur 
phenolique et est utilise en une quantite de 1 00 a 40 
500 ppm. 

7. Procecie. selon la revendication 1 , caracterise en ce 
que la quantite d'alcool pour la circulation dans la 
tour colonne represente au moins 1 0 % en poids de 45 
la quantite d'alcool apportee pour la reaction 
d'esterification. 

8. Appareil pour preparer eh continu des esters d'aci- 
des carboxyliques insatures en esterrfiant un alcool so 
(aljphatique) ayant de 1 a 8 atomes de carbone 
avec un acide carboxylique insature en presence 
d'une resine echangeuse de cations comme cataly- 
seur, lequel appareil comprend : 

55 

un reacteur (22) pour faire circuler en continu 
les reactifs du haut en bas dans ce reacteur de 
maniere a les faire venir au contact de ce cata- : 
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lyseur, revStaht la forme d'un lit fixe divise en 1 
a 10 stages, dans lequel chaque etage com- 
prend un lit de catalyseur (2), un fiitre (3) et un 
tuyau d'admission d'air (4), et possede une 
paroi externe thermiquement isolante ; 
un echangeur de chaleur (1 0) ayant une partie 
superieure connectee a la partie superieure de 
ce reacteur par un tuyau (21) pour fournir une 
chaleur de vaporisation a ce reacteur (22) pour 
1'extraction de I'eau formee au cours de la reac- 
tion, en exposant le reactrf a s'introduire a fori- :' 
f ice d'entree de l'6changeur de chaleur (1 0),au 
moyen d'une pompe de circulation (8), et en 
introduisant la chaleur de vaporisation produite 
par cet echangeur de chaleur de son orifice de 
sortie jusqu'au sommet de ce reacteur (22) par 
ce tuyau (21); 

une tour colonne (15) ayant des tuyaux (13) et 
(14) reliant la partie sup6rieure de ce reacteur 
(22) et le bas.de cette tour colonne (15) pour 
faire circuler I'alcool, dans laquelle un melange 
azeotropique d'eau vaporisee par I'echangeur 
de chaleur et d'alcool et une certaine quantite 
d'acide vaporise sont mis en contact avec 
I'alcool, le constituant de point d'ebullition eleve 

. est recycle dans le reacteur par le tuyau (14), 
et les constituants I eg ers sont transfer es dans 
le condenseur annexe (17) pour etre conden- 
ses ; ce condenseur etant relie a cette tour 
colonne (1 5) par le tuyau (1 6) ; et 

• un decanteur (18) raccord6 au condenseur 
(17) fixe a cette tour colonne (1 5) par le tuyau 
(19), qui separe le condensat en une couche 
organique et.de I'eau et soumet la couche 
organique a un recyclage dans le reacteur (22) 
par le tuyau (19), cette tour colonne (15) et ce 
tuyau (14). 
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